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Abstract 

This invention pertains to a preparation method of polymerized catalysts with dual 
activity centers for polymerization of olefins, and said method carries out reaction of 
iron-pyridine diimide compounds containing alkenyl groups and metallocene compounds 
containing alkenyl groups with styrene by the action of an initiator to link the metal compounds 



to polymer chains via C-Ca bonding to give polymerized catalysts with dual activity centers for 
polymerization of oiefms, which are represented by formula [P(Com Fe-co-S-co-Com M], where 
P represents copolymers, S represents polystyrene, co represents copolymerization. Com Fe 
represents iron catalysts, and Com M represents metallocene catalysts. The dual activity centers 
■demonstrate catalytic activity simultaneously during the polymerization process and exercise a 
synergistic effect, and this type of catalyst for catalyzing ethylene polymerization possesses high 
activity and produces polymers with characteristic properties and is suitable for gas-phase and 
slurry polymerization processes. 

Claims 

LA polymerized catalyst with dual activity centers for olefin polymerization, comprising 
components A and B, characterized in that component A is represented by formula [P(Com 
Fe-co-S-co-Com M], where P represents copolymers, S represents polystyrene, co represents 
copolymerization, Com Fe represents iron catalysts, and Com M represents metallocene 
catalysts, and the specific structural formula is as follows: 



R2 

Com Fe: Ri, Rj, R3 and R4 are one group selected from H, CH,, i-Pr and t-Bu, 
respectively; R? is H or allyl, and X is CI or Br; 




Com M: is one group selected from H, • ' * • . ; R? is one 

v< ^3 

group selected from ;.M is Ti, Zr or Hf; X is CI or Br; 




A model of the polymei-ized catalysts with dual activity centers for olefin polymerization 
is: R, = R2 = R3 = R4 = CH3; Rs = R^ = R7 = allyl; M = Zr; X = CI. 

Component B is methylaluminoxane (MAO), modified methylaluminoxane (MMAO) or 
pentafluorophenylborane. 

2. A preparation method of polymerized catalysts with dual activity centers for olefin 
polymerization, characterized in that the preparation procedure for the catalysts is as follows: 
1). Preparation of alkenylarylamines 
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The stoictural formula is: 




R is one group selected from H, Me, i-Pr and t-Bu 
Arylamine and alkenyl chloride or alkenyl bromide at molar ratio of 2: 1 are heated and 
reacted to give N-alkenylarylamine, yield 30.0-84.3%, and the N-alkenylarylamine together with 
excessive amount of ZnCU are heated and irefluxed in toluene solvent to cause rearrangements 
arid give 4-alkenylarylamine or 2-alkenylarylamine. Yield 25.2-70.9%. 

2) . Preparation of alkenyl-cyclopentadiene 

The structural formula is: 

^ M c5 

Equimolar amounts of cyclopentadiene and alkenyl chloride or alkenyl bromide are 
reacted in aqueous NaOH solution in the presence of tetrabutylammonium bromide as a phase 
transfer agent to give cyclopentadiene with an alkenyl group as a substituent. Yield 40-70%; 

3) . Preparation of alkenyl iron catalysts Com Fe 

First, a 2-step, acid-catalyzed condensation reaction of 2,6-diacetylpyridine and alkenyl 
amine is carried out to give a corresponding pyridine diimide ligand; if said ligand has 
symmetrical structure, the 2-step condensation can be accomplished in one step, where the molar 
ratio of the amine and 2,6-diacetylpyridine is 2: 1 .A pyridine diimide compound having an 
alkenyl group can then be prepared from the reaction of the obtained pyridine diimide ligand 
with FeX2. Yield 90-95%. 

The reaction procedure of the preparation is as follows: 

Alkenylarylamine and 2,6-diacetylpyridine condense to form a tridentate pyridine 
diimide ligand in methanol solvent using formic acid as the catalyst. Preparation of Com Fe is 
carried out under the protective condition of an oxygen-free and anhydrous environment using 
high-purity argon; pyridine diimide ligand and FeCI:*4H:0 are mixed at 1 .05: 1 molar ratio for 
2-3 h at room temperature using 30-40 mL tetrahydrofuran solvent to give a blue solution, which 




R is one group selected from 
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is vacuum concentrated, and a blue precipitate is obtained by adding n-hexane, which is filtered 
and vacuum dried, yield 90-95%. • , 

4) . Preparation of alkenyl metallocene catalysts Com, M 

First, a corresponding lithium salt of alkenyl cyclopentadiene is prepared from equal 
moles of alkenyl cyclopentadiene and n-butyllithium, and to prepare an alkenyl metallocene 
catalyst with symmetric structure, alkenyl cyclopentadiene lithium salt and MCl4 at molar ratio 
of 2:1 are reacted; to prepare an alkenyl metallocene catalyst with an asymmetric structure, equal 
moles of two alkenyl cyclopentadiene lithium salts and equal' moles of MCU are reacted. Yield 
60-75%. 

The reaction procedure of the preparation is as follows: 

Alkenyl cyclopentadiene is added to tetrahydroftiran solvent, and an euimolar amount of 
n-butyl lithium is added dropwise while keeping in an ice-salt bath, followed by agitating for 
2-3 h at room temperature. A tetrahydroftiran solution of an equal mole of MCU is then added 
slowly, where the solution turns deep red, which is agitated fo.r 6-8 h at room temperature, 
followed by distilling off the solvent and adding toluene and centriftiging to remove lithium sah, 
from which solvent is eliminated by suction, and washing several times with n-hexane gives the 
product, yield 60-75%. 

5) . Preparation of polymerized catalysts with dual activity centers for olefin 
polymerization 

Under anhydrous and oxygen-free conditions, iron catalyst having alkenyl group Com Fe, 
metallocene catalyst having alkenyl group Com M, styrene, azobis diisobutyrenitrile.are added in 
sequence to dried toluene and mixed until homogeneous, followed by carrying out 
polymerization on a water bath and using n-hexane as a precipitating agent, to give a polymer 
product as a solid powder, which is washed 3 times with n-hexane and dried to give a 
polymerized catalyst with dual activity centers for olefin polymerization. 

3. Application of the polymerized catalysts with dual activity centers for olefin 
polymerization, characterized in that the catalyzed polymerization of ethylene is carried out 
under anhydrous and oxygen-free conditions, in that the reaction system comprises 100-2000 mL 
toluene, to which methylaluminoxane (MAO) or modified methylaluminoxane (MMAO), and 
the polymerized catalyst with dual activity centers at molar ratio to MAO or MMAO of 
Al/(Fe+M) = 350-3500, and ethylene 1-20 atm are added in sequence, and the reaction is carried 
out for 1 h at -15-80°C; an ethanol solution containing 1 wt% hydrochloric acid is used to quench 
the reaction, from which the obtained product is filtered and washed several times with ethanol, 
followed by vacuum drying for 24 h at 40°C. 



Explanation 

Preparation method of polymerized catalysts with dual activity centers for olefin . 
polymerization 

Technical field 

This patent pertains to catalysts for olefin polymerization, particularly pertains to . 
polymerized catalysts with dual activity centers for olefin polymerization. 

The present invention also pertains to a preparation method of the aforementioned 
catalysts; , 

The present invention still pertains to the application of the aforementioned catalysts for 
oiefm polymerization, particularly for ethylene polymerization. , 

Background of the technology 

Production of polyolefins is the core of modern polymer material industry, and catalysts 
are the nuclei of polyolefin production. In recent years, development of catalysts for olefin 
polymerization has reached a point far beyond the range of the traditional catalysts having 
pre-transition metals of the IVB group as the activity center, and catalysts of post-transition 
metals for olefin polymerization have become the focus of research (Lettl S.D, Johnson L.K, 
Brookhart M, Chem. Rev., 2000, 100, 1 169; Britovsek G.J. P, Gibson V.C, Wass D.F, Angew. 
Chem. Int. Ed, 1999, 38, 428). However, the traditional pre-transition metal catalysts are still 
demonstrating a very significant effect on modern industrial production, and how to combine the 
advantages of pre-transition metal catalysts and post-transition metal catalysts to prepare 
polyolefin materials with new structural and property characteristics has become an important 
research direction. Chinese Patent Applications (98125651.1, 1998; 00121820.4, 2000) disclose 
a preparation method of polymerized metallcene catalyst for olefin polymerization and a 
preparation method of polymerized post-transition metal "post-MAO" catalyst for olefin 
polymerization, respectively. The two methods are both suitable for supporting catalysts with a 
single activity center on polymers. 

Content of the invention 

The objective of the present invention lies in providing a polymerized catalyst with dual 
activity centers for olefin polymerization, and said catalysts have two activity centers in the 
structures, and the two activity centers exercise catalytic effects simultaneously when catalyzing 
olefin polymerization, demonstrating a synergistic effect. 
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Another objective of the present invention lies in providing a preparation method of 
polymerized catalysts with dual activity centers for olefin polymerization, and said method has a . 
simple procedure and processing is easy to control. 

Still another objective of the present invention lies in providing polymerized catalysts 
with dual activity centers for olefin polymerization, particularly for ethylene polymerization, 
where the obtained polyolefin products have characteristic properties. 

The catalysts with dual activity centers fpr olefin polymerization prepared by the present 
invention comprise A and B components to achieve the aforementioned objectives,' characterized 
in that component A is represented by formula [P(Com Fe-co-S-co-Com M], where P represents 
copolymers, S represents polystyrene, co represents copolymerization. Com Fe represents iron 
catalysts, and Com M represents metallocene catalysts, and the .specific structural formula is as 
follows: 



Com Fe: Ri, R2, R3 and R4 are one group selected from H, CH.,, i-Pr and t-Bu, 
respectively; R5 is H or allyl, and X is CI or Br; 




X 



^ ^ D 

Com M: R6 is one group selected from H, » » » ., K7 is 

^ 

group selected from » * * '; M is Ti, Zr or Hf; X is CI or Br; 



one 
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A model of the polymerized catalysts with dual activity centers for olefin polymerization 
is: Ri = R2 = R3 = R4 = CH3; R? = R6 = R? = allyl; M = Zr; X = CI. 

Component B is methylaluminoxane (MAO), modified methylaluminoxane (N4MA0) or 
pentafluorophenylborane. 

The polymerized catalysts with dual activity centers provided by the present invention for 
olefin polymerization have not been reported in literature or patents. 

The preparation method of poly merized catalysts with dual activity centers for 
polymerization of olefins provided by the present invention carries out reaction of iron-pyridine 
diimide compounds containing alkenyl groups and metallocene compounds containing alkenyl 
groups with styrene by the action of an initiator to link the metal compounds to polymer chains 
via C-Ca bonding to give polymerized catalysts with dual activity centers for polymerization of 
olefins. 

The preparation procedure of the catalysts is as follows: 
1. Preparation of alkenylarylamines 
The structural formula is: 
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R 



R is one group selected from H, Me3, i-Pr and t-Bu 
Arylamine and alkenyl chloride or alkenyl bromide at. molar ratio of 2: 1 are heated and 
reacted to give N-alkenylarylamine, yield 30.8-84.3%; and the N:alkenylarylamine together with • 
an excessive amount of ZnCl: are heated and refluxed in toluene solvent to cause rearrangements 
and give 4-alkenylarylamine or 2-alkenylarylamine. Yield 25,2-70.9%. ■ • 

2, Preparation of alkenyl cyclopentadiene 
The structural formula is: 

R 

r 

A/' m: O 

R is one group selected from 
Equimolar amounts of cyclopentadiene and alkenyl chloride or alkenyl bromide are 
reacted in aqueous NaOH solution in the presence of tetrabutylammonium bromide as a phase 
transfer agent to give cyclopentadiene with an alkenyl group as a substituent. Yield 40-70%; 
3 . Preparation of alkenyl iron catalysts Com Fe 

First, a 2-step, acid-catalyzed condensation reaction of 2,6-diacetylpyridine and alkenyl 
amine is carried out to give a corresponding pyridine diimide ligand; if said ligand has a 
symmetrical structure, the 2-step condensation can be accomplished in one step, where the molar 
ratio of the amine and 2,6-diacetylpyridine is 2: 1 . A pyridine diimide compound having an 
alkenyl group can then be prepared from the reaction of the obtained pyridine diimide ligand 
with FeX:. Yield 90-95%. 

The reaction procedure of the preparation is as follows: 

Alkenylarylamine and 2,6-diacetylpyridine condense to form tridentate pyridine diimide 
ligand in methanol solvent using formic acid as catalyst. Preparation of Com Fe is carried out 
under the protective condition of oxygen-free and anhydrous environment using high purity 
argon; Pyridine diimide ligand and FeCl:*4H:0 are mixed at 1 .05: 1 molar ratio for 2-3 h at room 
temperature using 30-40 mL tetrahydroftiran solvent to give a blue solution, which is vacuum 
concentrated, and a blue precipitate is obtained by adding n-hexane, which is fihered and 
vacuum dried, yield 90-95%. 

4. Preparation of alkenyl metallocene catalysts Com M 
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First, a corresponding lithium salt of alkenyl-cyclopentadiene is prepared from equal 
moles of alkenyl cyclopentadiene and n-butyllithium, and to prepare an alkenyl metallocene 
catalyst with symmetric structure, alkenyl cyclopentadiene lithium salt and MCU at molar ratio 
of 2:1 are reacted; to prepare an alkenyl metallocene catalyst with an asymmetric structure, 
equimolar amounts of two alkenyl cyclopentadiene lithium salts and equal mole of MCI4 are 
reacted. Yield 60-75%. 

The reaction procedure of the preparation is as follows: 

Alkenyl cyclopentadiene is added to tetrahydroftiran solvent, and an equimolar amounts 
of n-butyllithium is added dropwise while keeping in an ice-salt bath, followed by agitating for 
2-3 h at room temperature. A tetrahydrofijran solution of an equimolar amounts of MCl4 is then 
added slowly, where the solution turns deep red, which is agitated for 6-8 h at room temperature, 
followed by distilling off the solvent and adding toluene and centrifijging to remove lithium sah, 
from which solvent is eliminated by suction, and washing several times with n-hexane gives the 
product, yield 60-75%. 

5. Preparation of polymerized catalysts with dual activity centers for olefin 
polymerization 

Under anhydrous and oxygen-free conditions, iron catalyst having alkenyl group Com Fe, 
metallocene catalyst having alkenyl group Com M, styrene, azobisdiisobutyrenitrile are added in 
sequence to dried toluene and mixed until homogeneous, followed by carrying out 
polymerization on a water bath and using n-hexane as a precipitating agent, to give a polymer 
product as a solid powder, which is washed 3 times with n-hexane and dried to give polymerized 
catalysts with dual activity centers for olefin polymerization. 

The polymerization of olefins, particularly the polymerization of ethylene catalyzed by 
the polymerized catalysts with dual activity centers provided by the present invention for olefin 
polymerization is conducted under anhydrous and oxygen-free conditions, in that the reaction 
system comprises 100-2000 mL toluene, to which methylaluminoxane (MAO) or modified 
methylaluminoxane (MMAO), and the polymerized catalyst with dual activity centers at molar 
ratio to MAO or MMAO of AI/(Fe+M) = 350-3500, and ethylene 1-20 atm are added in 
sequence, and the reaction is carried out for 1 h at -15-80''C; an ethanol solution containing 
lwt%) hydrochloric acid is used to quench the reaction, from which the obtained product is 
filtered and washed several times with ethanol, followed by vacuum drying for 24 h at 40°C. 

The specific application examples are as follows: 

Application Example I : Preparation of alkenyl arylamines 

A mixture of 2,6-diisopropylaniline 0.2mol and allyl chloride 0.1 mol is heated and 
refluxed for 10 h, followed by cooling and standing for 12 h, which is then added to 400 mL 



11 

water and alkaiified with sodium hydroxide solution until alkaline, and the reaction mixture is 
extracted with diethyl ether. Vacuum distillation gives N-allylaniline, 18.33 g, yield 84.3%. 
N-allyl aniline 0.084 mol and an excessive amount of ZnCl^.are added to 100 mL toluene 
solvent, which is refluxed for 5 h in an argon atmosphere, and the mixture is poured into and 
aqueous sodium hydroxide solution after cooling. The organic layer is separated and the 
insoluble material in the lower layer is dissolved in hot concentrated hydrochloric acid, which is 
decanted into the aforementioned organic phase of diethyl ether extraction, followed by drying 
over anhydrous magnesium sulfate, and vacuum distillation gives 4-allylaniline, 12.92 g, yield 
70.9%. • ^ ' 

Application Example 2 Preparation nf alkenylaryl aminp<; . 

A mixture of aniline 0.24 mol and allyl bromide 0. 12 mol is heated and refluxed for 8 h, 
followed by cooling and standing for 10 h, which is then added to 200 mL water and alkaiified 
with a sodium hydroxide solution, and the reaction mixture is extracted with diethyl ether. 
Vacuum distillation gives N-allylaniline, 8.645 g, yield 54. 1%. N-allylaniline 0.065 mol and an 
excessive amount of ZnCK are added to 200 mL toluene solvent, which is refluxed for 8 h in an 
argon atmosphere, and the mixture is poured into an aqueous sodium hydroxide solution after 
cooling. The organic layer is separated and the insoluble material in the lower layer is dissolved 
in hot concentrated hydrochloric acid, which is decanted into the aforementioned organic phase 
of diethyl ether extraction, followed by drying over anhydrous magnesium sulfate, and vacuum 
distillation gives 2-allylaniline, 2. 1 8 g, yield 25.2%. 

Application Example 3 : Preparation of alkenyl amines 

A mixture of 4-tert-butylaniline 0.2 mol and allyl chloride 0. 1 mol is heated and refluxed 
for 9 h, followed by cooling and allowing to stand for 1 1 h, which is then added to 300 mL water 
and alkaiified with sodium hydroxide solution, and the reaction mixture is extracted with diethyl 
ether. Vacuum distillation gives N-allyl-2-tert-butylaniline, 5.67 g, yield 30.0%. 
N-allyl-2-tert-butylaniline, 0.03 mol, and an excessive amount of ZnCl: are added to 50 mL 
toluene solvent, which is refluxed for 6 h in an argon atmosphere, and the mixture is poured into 
an aqueous sodium hydroxide solution after cooling. The organic layer is separated and the 
insoluble material in the lower layer is dissolved in hot concentrated hydrochloric acid, which is 
decanted into the aforementioned organic phase of diethyl ether extraction, followed by drying 
over anhydrous magnesium sulfate, and vacuum distillation gives 4-allyl-2-tert-butylaniline, 
3.54 g, yield 62.4%. 
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Applicatio n Example 4 : Preparation of alkenyl cyclopentadiene 

100 niL 33% NaOH, O.Smol cyclopentadiene and 0.5 mol allyl chloride are added in 
sequence to a glass Schlenk bottle, and the mixture is stirred for 2 h on an ice bath in the 
presence of 2 g tetrabutylammonium bromide as a phase transfer agent, followed by stirring for 

6 h at room temperature. The oil phase is washed until neutral, followed by drying over 
anhydrous potassium carbonate, and vacuum distillation gives allyl cyclopentadiene, 36.75 g, 
yield 70.0%. 

Applicatio n Example 5 : Preparation of alkenyl cyclopentadiene 

1 10 mL 33% NaOH, 0.6 mol cyclopentadiene and O.Smol 3-bromo-l-butene are added in 
sequence to a glass Schlenk bottle, and the mixture is stirred for 2 h on an ice bath in the 
presence of 3 g tetrabutylammonium bromide as a phase transfer agent, followed by stirring for 

7 h at room temperature. The oil phase is washed until neutral, followed by drying over 
anhydrous potassium carbonate, and vacuum distillation gives 3-cyclopentadienyl-l-butene, 
26.78 g, yield 45.01%. 

A pplication Example 6 : Preparation of alkenyl cyclopentadiene 

110 mL 33% NaOH, 0.5mol cyclopentadiene and O.Smol 4-bromostyrene are added in 
sequence to a glass Schlenk bottle, and the mixture is stirred for 2 h on an ice bath in the 
presence of 2.5 g tetrabutylammonium bromide as a phase transfer agent, followed by stirring for 
6.5 h at room temperature. The oil phase is washed until neutral, followed by drying over 
anhydrous potassium carbonate, and vacuum distillation gives styryl cyclopentadiene, 33.40 g, 
yield 40.0%. 

Applicatio n Example 7 : Preparation of alkenyl iron catalysts Com Fe 

Tridentate pyridine diimide ligand compound C39H51N3 is prepared from 4-allylaniline 
and 2,6-diacetypyridine by a condensation reaction in methanol solvent using formic acid as a 
catalyst. Preparation of Com Fe is carried out under the protective conditions of oxygen-free and 
anhydrous environment using high-purity argon. Said pyridine diimide ligand compound, 
4.0 mmol, and FeCl2-4H20 3.8 mmol are agitated for 2 h in 30 mL tetrahydrofliran solvent at 
room temperature to give a blue solution, which is vacuum concentrated, and a blue precipitate is 
obtained by adding n-hexane, which is filtered and vacuum dried, to give CaoHjiN^FeCI:. 2.48 g, 
yield 95%. 



Application Example 8 : Preparation of alkenyl iron catalysts Com Fe 

Tridentate pyridine diimide ligand compound CjiHj.^N^ is prepared from 
2-tert-butyl-4-allylaniIine, 2,6-dimethylaniline and 2,6-diacetylpyridine by condensation reaction 
in methanol solvent using formic acid as catalyst. Preparation of Com Fe is carried out under the 
protective conditions of oxygen-free and anhydrous environment using high purity argon. Said 
pyridine diimide ligand compound, 1.51 mmbl, and FeCl2*4H:0 1.44 mmol are agitated in 40 
mL tetrahydrofuran solvent for 4 h at room temperature to give a blue solution, which is vacuum 
concentrated, and a blue precipitate is obtained by adding n-hexane, which is filtered and 
vacuum dried, to give C3oH3sN3FeCl: 0.73 1 g, yield 90%. 

A pplication Example 9 : Preparation of alkenyl iron catalysts Cq.m Fe 

Tridentate pyridine diimide ligand compound C:7H:7N3 is prepared from 2-allylaniiine, 
2,6-dimethylaniline and 2,6-diacetylpyridine by a condensation reaction in methanol solvent 
using formic acid as a catalyst. Preparation of Com Fe is carried out under the protective 
conditions of oxygen-free and anhydrous environment using high-purity argon. Said pyridine 
diimide ligand compound 2.27 mmol and FeCl2-4H:0, 2.16 mmol, are agitated in 35 mL 
tetrahydrofuran solvent for 2.5 h at room temperature to give a blue solution, which is vacuum 
concentrated, and a blue precipitate is obtained by adding n-hexane, which is filtered and 
vacuum dried, to give C:7H::N3FeCl2. 1 .044 g, yield 93%. . 

A pplication Example 10 : Preparation of alkenyl metallocene catalysts Com M 

Allyl cyclopentadiene 4. 14 mmol is added to tetrahydrofuran solvent and an equimolar 
amount oifn-butyl lithium is added dropwise on an ice water bath, followed by agitating for 2 h at 
room temperature, and a mole equivalent solution of ZrCU in tetrahydrofijran is added slowly, 
where the solution turns deep red, which is agitated for 6 h at room temperature, followed by 
distilling off the solvent and adding toluene and centrifuging to remove lithium salt, from which 
solvent is eliminated by suction, and washing several times with hexane gives the product, 
CieH.^ZrCb, 0.574 g, yield 75%. 

Application Example 1 1 : Preparation of alkenyl metallocene catalysts Com M 

3-Cyclopentadienyl-l-butene 2.17 mmol and allyl cyclopentadiene 2.17 mmol are added 
to tetrahydrofuran solvent and 4.34 mol of n-butyllithium are added dropwise on an ice-water 
bath, followed by agitating for 3 h at room temperature, and a mole equivalent solution of TiCU 
in tetrahydrofuran is added slowly, where the solution turns deep red, which is agitated for 8 h at 
room temperature, followed by distilling off the solvent and adding toluene and centrifuging to 
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remove lithium salt, from which solvent is eliminated by suction, and v^ashing several times with 
hexaine gives the product, CpHisTiCl:, 0.444 g, yield 60%. 

Application Example 12 : Preparation of alkenyl metallocene catalysts Com M 

Styryl cyclopentadiene 1.79 mmol and cyclopentadiene 1.79 mmol are added to 
tetrahydrofijran solvent and 3.58 mol of n-butyllithium are added dropwise on an ice-water bath, 
followed by agitating for 2.5 h at room temperature, and a mole equivalent solution of ZrCU in 
tetrahydrofuran is added slowly, where the solution turns deep red, which is agitated for 7.5 h at 
room temperature, followed by distilling off the solvent and adding toluene and centrifuging to 
remove lithium salt, from which solvent is eliminated by suction, and washing several times with 
hexa'ne gives the product, CigHuZrCl:, 0.43 1 g, yield 6 1 .4%. , 

Application Example 13 : Preparation of polymerized alkenyl catalysts with dual activity centers 
for olefin polymerization 

Under anhydrous and oxygen-free conditions, 0.2 mmol iron catalyst C39H5iN3FeCl: 
obtained in Application Example 7 and 0.7 mmol metallocene catalyst C,6H,6ZrCl: obtained in 
Application Example 10, styrene 5 mL and azobisdiisobutyrenitrile 1 .0 wt% are added in 
sequence to dried toluene and mixed until homogeneous, and copolymerization is carried out for 

10 h at 80°C on a water bath, followed by cooling to room temperature and centrifuging, and 
n-hexane is added to the supernatant as a precipitant to give a solid powder, which is washed 3 
times with n-hexane and dried. The iron content is determined to be 0.256 wt%, and the 
zirconium content is 1.57 wt%. 

A pplication Example 14 : Preparation of polymerized alkenyl catalysts with dual activity centers 
for olefin polymerization 

Under anhydrous and oxygen-free conditions, 0.5 mmol iron catalyst C3oH35N3FeCl2 
obtained in Application Example 8 and 0.5 mmol metallocene catalyst Cj^HuZrCl: obtained in 
Application Example 12, styrene, 8 mL, and azobisdiisobutyrenitrile 1.0 wt% are added in 
sequence to dried toluene and mixed until homogeneous, and copolymerization is earned out for 

11 h at 80°C on a water bath, followed by cooling to room temperature and centrifuging, and 
n-hexane is added to the supernatant as a precipitant to give a solid powder, which is washed 3 
times with n-hexane and dried. The iron content is determined to be 0.214 v^%, and the 
zirconium content is 0.419 wt%. 
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Application Example 15 : Preparation of polymerized alkenyl catalysts with dual activity centers 
for olefm polymerization 

Under anhydrous and oxygen-free conditions, 0.7 mmol iron catalyst C:7H:?N3FeCl: 
obtained in Application Example 9 and 0.4 mmol metaUdcene catalyst CpHigTiCl: obtained in 
Application Example 1 1, styrene, 10 mL, and azobisdiisobutyrenitrile 1.0 wt% are added in 
sequence to dried toluene and mixed until homogeneous, and copolymerization is carried out for 
12 h at 80°C on a water bath, followed by cooling to room temperature and centrifuging, and 
n-hexane is added to the supernatant as a precipitant to give. a solid powder, which is washed 3 
times with n-hexane and dried. The iron content is determined to be 0.532 wt%, and the 
zirconium content is 0.467 wt%. 

Application Example 16 : Polymerization of ethylene 

Polynierization of ethylene is carried out under anhydrous and oxygen-free conditions. 
The reaction system comprises toluene 100 mL, to which methylaluminoxane, polymerized 
catalyst with dual activity centers obtained in Application Example 13 (0.02 g), AI/(Fe+Zr) = 
350, and ethylene, 1 atm, are added in sequence, and reaction is carried out for 1 h at -15°C. The 
reaction is quenched using an ethanol solution containing 1% hydrochloric acid, and the obtained 
product is filtered and washed several times with ethanol, followed by vacuum drying for 24 h at 
40°C, to give 1.76 g polyethylene. 

A pplication Example 17 : Polymerization of ethylene 

Polymerization of ethylene is carried out under anhydrous and oxygen-free condition. 
The reaction system comprises toluene 500 mL, to which modified methylaluminoxane, 
polymerized catalyst with dual activity centers obtained in Application Example 13 (0.02 g), 
Al/(Fe+Zr) = 1400, and ethylene, 5 atm are added in sequence and reaction is carried out for 1 h 
at 30°C. The reaction is quenched using an ethanol solution containing 1% hydrochloric acid, 
and the obtained product is filtered and washed several times with ethanol, followed by vacuum 
drying for 24 h at 40°C, to give 19.25 g polyethylene. 

A pplication Example 18 : Polymerization of ethylene 

Polymerization of ethylene is carried out under anhydrous and oxygen-free conditions. 
The reaction system comprises 2000 mL toluene, to which modified methylaluminoxane, 
polymerized catalyst with dual activity centers obtained in Application Example 14 (0.04 g), 
Al/(Fe+Zr) = 3500, and ethylene 4 atm are added in sequence, and reaction is carried out for 1 h 
at 45°C. The reaction is quenched using an ethanol solution containing 1% hydrochloric acid. 
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and the obtained product is filtered and washed several times with ethanol, followed by vacuum 
drying for 24 h at 40°C, to give 6.48 g polyethylene. 

Application Example 19 : Polymerization of ethylene 

Polymerization of ethylene is carried put under anhydrous and oxygen-free conditions. 
The reaction system comprises 2000 mL toluene, to which methylaluminoxane, polymerized 
catalyst with dual activity centers obtained in Application Example 15 (0.02 g), Al/(Fe+Zr) = 
1700, and ethylene, 20 atm, are added in sequence and reaction is carried out for 1 h at 86°C. 
The reaction is quenched using an ethanol solution containing 1% hydrochloric acid, and the 
obtained product is filtered and washed several times with ethanol, followed by vacuum drying . 
for 24 h at 40°C, to give 21.74 g polyethylene. 
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= R, = R7= allyl: M = Zr; X = CI; 



gc, j*-^ 30. 0-84. 3%. N-Jft^S^K^PiSl: ZnCl, ^^^^^JI'MIh] 




R ^ H, Me, i-Pr, t-Bu^4':t— 



A-'^'^m^mm i^m 25. 2-70. 9%: 

2). m^m^}%-mm\^ 

ipijT^ NaOH ymw.'^Rikmm^m^^m^iSL-m, i^m 40-70% : . • 
z) . m-^m^Mmm} Com Fe mi^ ; 

90-95%: 

i:i^m:^mm, wmMmi. mi±m^m^ 2.6--z.wtm^m^^ 
Mis^^HttnttBS -3Ej3g@s#, Cora Fe. mm^^m.^Ti^Rmnm.HU^' 
^#TiatT; \£xmm.^m 3o-40inL ^mm, ^m-^mmw^ Fecu • 4H20 
si.05: 1^3154, :^i&i^#2-3/hHt. K^^m, iujEE^m 

umi^m^'B^, Jim, M^i'i^, 7=^^90-95%; 

4) , m^mm±mmitm com m 

1 fi<jjt:ss5Fjs;-^Mifc-^Mci,^iS: M^^mMm-mmm^mm 
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60-75%; 

miQ^mfTs^^iETmm, tE^^rmi^ 2-3 ^m, j^jsm^mu 

'^E.^m^WiMmj^m, 60-75%; 

5)^ m^fit^^^^^m-^m^immmi^ • 

«^7K^m^#T, 5!^'^W'J$:l§S6tllfe^fitt.5W Com Fe, -^jil^^S 

Com M, ^z.m, i^n-^rm, ikm\iAm=Fj^^^^ 
^M^^^. i^.B^yi^m^^m. miE^^i^umu m^m^mmwn ' 

mo 

mitmm^s,}^^, ji^E3c7X5E^^#TatT, ^s/s^m-f^s^A 

¥^ 100-2000mL, ¥S^«.:^(MAO)lSce!jit ?S^^;^(MMAO) , M^^it 
Al/(Fe+M) = 350-3500, l-20atm, f-l5-80°C 1 
^40-C*$^j^ 24/JnH^o 



m ^ 



^^fitlir^i,^. (LettlS.D, Johnson L.K,.BrookhartM, Chem Rev 2000, 
100, 1169: Britovsek G.J.P, Gibson V.C, Wass D.F, Angew.Chem. 

inuEd, 1999, 38, 428). ^^^mMn.m.±mmvcmmi\xii±^f^^ 

^^J {98125651. U 1998: 00121820.4, 2000) ^WyjSiJ^H^^^fVCB. 

mile 

mum, ^^mmitm^^^^^'t1^^^'^J, ^mit^-)^m^^m^^^^ 



jiji A ifP B M^^^^. A a^^ii5S^^[P(Cdm Fe-cfrS-co-Com M)], P 
^^^15^, S^m^Z^M, co^^^m, Com Fe ^^^^fiifc^J, Com 
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Rs^tjHsScallyl. X:^Cls)cBr; 
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^, ^, ^^'^Z-; M^Ti, ZrlScHf: X^ClsKBr: 
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01258697.8 ift ?B =t« ^4/415 



3, ilE^XEItfJJ 



miM^m^^^^iErm^. ^^ufmn 2-3 ^.^^nifeinA 

S^iJfe^l5[^^iP#/^tl, 60-75%, 

^^tK^C^^^T, )|^'^W'j^'>^S6^^^ftfe.^J Com Fe, -^'j^&^^S 
fi<Ii^^Jim^J Com M. ^Z:.^^^, f^^-:^TIf. fl!c?:^^JjpAiiJ^'M6<3¥^ 

^'^i-^i^^. i^.B^ym^^'^M, miE^^Yfumi n^m^^mmm 

iqA¥^ 100-2000mL, ^S^SfL^(MA0)nKeJt3a¥S^it^(MMA0), 
^ifc^^lil^'ll^^iib^J-^MAOeJcMMAO^^tl: Al/(Fe+M) = 350-3500. 
^ l-20atm, ^-15-80TCSiS 1 /hN". ffl^S*tt^ l%^m6<jZ*©m?S 

2. 6--#MS^]K 0. 2mol ^P:l^&MSIl 0. Imol iU^B^ 10 ^hB^ , 
4PSJ[gl2/hB^^, MA400mL7X4'. jJPAiLiLtt.l^i^^?^MM14, ZliM 
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%^u&m^n n-^'^m^m is. 33g, j^m 84. 3%. i^x loomi w 

^thmmA N-^^&MS^JK 0. 084mol iPil* ZnCh, M^mTlElit 5 /h 

M^^mfBmB.m'i^n 12.. 92g,' 70. 9%, 

^IK 0. 24inol fO'j^MS^ 0. 12mol jjn^iSijfl 8 /hBt , i^-iPfi^g 10 /Jn 

J5^tgf#N-:I^^S^JK8.645g , ;*=$54.17%. 200raL Ep^^^» 
AN-j^MS^iK0.065mol|03S*ZnCl,, SnmTIUxE 8 /hHt, ^-mm 

MfiEi^tS#2-;l$^S^!IS2.18go J^^25.2%o 

4-i|#TS^JK 0. 2inol iPM^^m 0. Imol JP^ftHim 9 /hB^f , ?^iPM 

^:^^^JJp A.N-j^MS-2-#TS^^ 0. OSmol miLM ZnCh, MH^T 

=fm, M^nLmjsu,mmw^ 4-*$ms-2-#Ts^iK 3. 54goi*=^ 62. 4%. 

Schlenk Ml'iS^iP A lOOmL ^ 33%fi<I NaOH, 0. 5mol ^ 



7iimmm=F^f5 , umm^mmmmm^ix-m 36. 75. rm 70. 0 

Schlenk M'^^AinX 120mL 6<J 33%6<J NaOH, 0. Gmol 

jdt-^. o.5moi 3-^i-T*i, ^ zgH^rmmi^^^n^miy , ■ 

26. 78gc 45.01% c 

Schlenk M'P^MnX llOmL 6<J 33%fi<J NaOH, 0. 5mol W 

iZ-^f o.smol 4-^^z,^3&. ^.2.5.gmrmmit^^^^miiT, 
^B^yi^^^^'^BJB ,UEgm^Tmmz.'mm^^]^-m 33.40go 

40. o%o 

^ili?!) 7 '^-^m^^imm com Fe fi<3$ij^ 

^&BL^^E,mm,^^MMimw uhsiNs, com Fe m^\^^^m.^:^RM 

■%FeCl2-4H,0 3.8mmol^?a»2/hB^, M^m^, JPiE 

SJ^^?li$HiMfe«&5|C, It^^ CsHsiNaFeCli 2. 48g, j^^95%, 

8 M'^m^^Mitm Com Fe fi<]fiJ.S- 

i^ii^eE^^^j. ^m^mitM, 2-<i^Tm-4-mm^m, 2.6-- w 
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Com Fe $^^\^^^m.^7KR^nm^u^^WTm7o ^iim^^m^m 

m 40inL, T^nltBt— SEJKeei* 1. Slnimol ^ FeCl, • 4H20 1. 44iiimol 

^mm9 m^m^i^mitm Com ?e mi^ 

2.27nimol-^FeCl2«.4H20 2.16nimol^M# 2.5/hBt, ^Sfe^^, K$ 
^m, l3UiEE.mUi&iiiM^n^, iiill, GiH^rNaFeCia. 044g, 

$Mi?y 10 m'&mm^mmitm Com u 

=f, nmE^^^^I^Mmi^^C^S^eZrCh 0.574g, /^^75%. 
^mm 11 'j^:t5SB^^MM^^J Com M 6<i^iJ^ 
#3-I^^jrfe-'J^S-l-T^$2. 17mmol, ^^^Si^JlK-^^^ 2. 17mmol 

jraAiijraiLi^l^^?S4', ^i^&^§W^#T, ?iiP 4.34mmol fitliET 
i9E^2aTM#3/hBt, ^;5^IiijfeSpA'^^^l:fi<jTiCl,6<]2g 

M.^mmm, mm^m^^, ^^^Trnw^i^ s /Jnb^, 

CH.sTiCl, 0. 444g, J^^60%. 



8 



mmm 12 m^mm±mmitm Com m 

i^^Z.m&^l^-M 1.79nffliol. ^^JismM 1.79mmol iPAiOH 
M^ymW 2. 5 /jNBt , ^.BMiti&iPA^^^*6<} ZrCl. fi^HMii^Pi 

CsHuZrCrj 0:431g, /^$61.4%. 

0.2inmol, ^Jfi^'J 10 $iJ^fi<Ji^^M^iit^J C.eH.eZrCU 0. 7mmol, ^ZL 

'JtSmL, mn.-^Tm i.Gwt%, >f^?j^i)nAiiJ^:^6<j¥^4'vg'^i^^. 

oj. 0. 256wt%, ^-^^^ 1.57wt%. 

0. 5mmol, ^Jfi^iJ 12 %\\^tfyn,±mmitm C,8H„ZrCl2 0. Smraol, >Zi 

01, iH^f^-^m^fcj 0.214wt%. fS^*;^ 0.419wt%o 

45E7K5B«l^#T. ^M^iJ 9 ie^\^^^^mitm C„H„N,FeCh 
0. 7mmol, ^M^i U M4k&^m±MBitM C.TH.aTiClj 0. 4mmol, $ 
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z^miomu -fim-^TJw i.owt%, ^mu\m=f'm^w^^m^i^ 

^IPrT. tJ^^-^m;^ 0.532wt%. Ik-g-*^ 0.467wt%, 

16 z.mm'^ 

looraL, ¥S^s?(.^, ^mm iz n^\^t^M^^itM^^^^t^mitM 

0.02g, Al/(Fe+Zr) = 350, latm. I'^hB^, ffl^ 

m^i&'A, f 40'cM^=fm: 24 ^mnmz.m i. 76g, 
^Mi^ij 17 z.mm^ 

500mL, efe5i¥S^^i^. ^SI^^J 13 $iJ^6<Ji^^^ tt.^vgtt t 'll^fi 
^^PJ 0.02g, Al/(Fe+Zr)=1400, Zl;!^ 5atm, ^ SOt^jSt 1 /hB^, 

Z.m^^.^}X, ^ 40'C 24 /hB^#^ZL^^ 19. 25go 

2ooomL, ^mwm^m.^, ^mm uis^i^^^^Titm^^^'t^m 

itMO.OAg, Al/(Fe+Zr)=3500. Z.'J# 4atm, 45'CSiS 1 'hBt, 
Z:S?^}^|&^, 40-CE^T'^ 24 y^^mmZ.^ 6. 48go 

^M^wj 19 z^mm-k 



2ooomL, wm^m.^* ^mmisp\^^^^Tit^f^^^'t^'mitm 

0.02g, Al/(Fe+Ti) =1700, 20atin, ^'SOX^S/S Kl^B^, ^-g• 
^^^d!., AO'c%±=fm 24 ^mnrnz^^ 21. 74g. 



